Correction added on 26 February 2020, after first online publication: the article title has been corrected] Background: Conditional survival accounts for the time already survived after surgery and may be of additional informative value. The aim was to assess conditional survival in patients with oesophageal cancer and to create a nomogram predicting the conditional probability of survival after oesophagectomy. Methods: This retrospective study included consecutive patients with oesophageal cancer who received neoadjuvant chemoradiation followed by oesophagectomy between January 2004 and 2019. Conditional survival was defined as the probability of surviving y years after already surviving for x years. The formula used for conditional survival (CS) was: CS (x|y) = S (x + y) /S (x) , where S (x) represents overall survival at x years. Cox proportional hazards models were used to evaluate predictors of overall survival. A nomogram was constructed to predict 5-year survival directly after surgery and given survival for 1, 2, 3 and 4 years after surgery. Results: Some 660 patients were included. Median overall survival was 44⋅4 (95 per cent c.i. 37⋅0 to 51⋅8) months. The probability of achieving 5-year overall survival after resection increased from 45 per cent directly after surgery to 54, 65, 79 and 88 per cent given 1, 2, 3 and 4 years already  survived respectively. Cardiac co-morbidity, cN category, ypT category, ypN category, chyle leakage and pulmonary complications were independent predictors of survival. The nomogram predicted 5-year survival using these predictors and number of years already survived. Conclusion: The probability of achieving 5-year overall survival after oesophagectomy for cancer increases with each additional year survived. The proposed nomogram predicts survival in patients after oesophagectomy, taking the years already survived into account.
Introduction
Oesophageal cancer is an aggressive disease with an increasing incidence. It is the sixth leading cause of cancer-related death for men and women combined worldwide 1 -3 . Mortality rates, however, have decreased; 5-year overall survival was 15⋅3 per cent in 2000 and is 30-57 per cent at present 4, 5 . One factor contributing to the improvement in survival is the introduction of neoadjuvant therapy 6, 7 .
Most survival rates reported in the literature are static, being calculated from the day of diagnosis or surgery 8 -11 . However, the risk of death changes with time after surgery 12 . Conditional survival represents the probability of surviving a certain number of years after diagnosis or treatment based on the time the patient has already survived. Conditional survival might therefore be more meaningful for patients than conventional survival analysis as it provides a more individualized prognosis as time progresses. Physicians may adapt follow-up visits according to the conditional survival pattern.
Apart from the time after surgery, other factors such as co-morbidities and postoperative complications influence the chance of survival. A nomogram is based on the most important factors predicting survival. Survival nomograms for patients with oesophageal cancer have recently been developed, both for curative and palliative settings 13 -18 . However, current nomograms do not take into account the years that a patient has already survived. Patients undergoing surgery with curative intent with neoadjuvant chemoradiotherapy n = 689
Patients included in study n = 660
A previous study 12 assessed conditional survival among patients undergoing surgery for oesophageal cancer. However, it analysed a cohort of patients from 1988 to 2011 who were not treated with neoadjuvant therapy. The aim of the present study was to define conditional survival among patients undergoing surgery for oesophageal carcinoma after neoadjuvant treatment, and to design a nomogram for predicting the conditional probability of survival after oesophagectomy for cancer.
Methods
This retrospective study was conducted at the Amsterdam University Medical Centres, location AMC, the Netherlands. Consecutive patients with oesophageal cancer who underwent oesophagectomy between January 2004 and January 2019 and who met the inclusion criteria were included. Ethical approval is not mandatory for retrospective studies in the Netherlands. All patients who were still alive at the end of the inclusion period were asked to provide consent for their data to be used (anonymously) for this retrospective study. The TRIPOD guidelines were followed to ensure the correct reporting of the results 19 .
Study population
Included were patients with resectable (cT0-4a N0-3 M0) oesophageal adenocarcinoma or squamous cell carcinoma receiving neoadjuvant chemoradiation therapy, followed by open or minimally invasive transthoracic or transhiatal oesophagectomy with a cervical or intrathoracic anastomosis. The choice of surgical procedure depended on characteristics of the tumour (location, stage, location of lymph node metastases) and patient (co-morbidities). Neoadjuvant therapy comprised weekly carboplatin (area under curve 2) and paclitaxel (50 mg/m 2 ) for 5 weeks combined with daily radiotherapy consisting of 23 fractions of 1⋅8 Gy (total 41⋅4 Gy) 20 . This treatment was administered to patients allocated to the neoadjuvant therapy group in the CROSS study between 2004 and 2008 6 . Since 2009, neoadjuvant therapy has been the standard of care, and all patients having treatment with curative intent received neoadjuvant chemoradiotherapy unless considered unfit for multimodal treatment. Patients who did not undergo neoadjuvant chemoradiotherapy, those with distant metastases, patients who underwent salvage surgery, those who died in hospital or within 90 days after resection owing to a complication, and patients who did not provide informed consent were excluded from the study.
Defining factors influencing long-term survival
In January 2019, a systematic search of the available literature in online databases was undertaken to identify relevant studies describing variables influencing postoperative outcomes. The following keywords were used: oesophageal cancer, oesophagectomy, risk factors, long-term survival, mortality and recurrence. Potential factors found to influence long-term survival were: co-morbidities, presence and severity of postoperative complications, tumour characteristics such as TNM stage and tumour differentiation, Tumour Regression Grade according to the Mandard classification, and resection margins 21 -24 . Values in parentheses are percentages. *Two patients underwent hybrid minimally invasive surgery; other procedures were fully minimally invasive. COPD, chronic obstructive pulmonary disease.
Data collection
Patient characteristics and co-morbidities (including chronic obstructive pulmonary disease, type 2 diabetes and cardiovascular co-morbidity), tumour characteristics, treatment details, postoperative complications and oncological outcomes were collected from a prospectively maintained database. Cardiovascular co-morbidity included cardiac failure, arrhythmia, history of myocardial infarction, hypertension, peripheral artery occlusive disease and aortic aneurysm. Postoperative complications were scored using the definitions of Low and colleagues 25 . Factors potentially influencing long-term survival that were not included in the prospectively maintained database were retrieved from patient files. Tumour stage was assessed using the eighth edition of the AJCC staging system 26 .
Statistical analysis
Overall survival was calculated from the day of surgery until the day of death from any cause (event), or last day of follow-up (censored). Median overall survival was calculated using Kaplan-Meier analysis and reported with 95 per cent confidence interval. The probability of survival after surgery is shown in relation to the number of years already survived. For example, if a patient has survived 2 years after surgery, the probability of achieving 3-year survival after surgery is 83 per cent and of achieving 5-year survival after surgery is 65 per cent.
Conditional survival is defined as the probability of surviving an additional number of y years given that a patient has already survived for x years, and can be calculated from Kaplan-Meier survival data. Conditional survival (CS) can be expressed mathematically as: CS (x|y) = S (x + y) /S (x) , where S (x) represents overall survival at x years after surgery estimated using the Kaplan-Meier method 27 . For example, conditional survival for surviving another year among patients who had already survived 4 years, CS (1|4) , was calculated by dividing the 5-year Kaplan-Meier survival estimate S (5) by the 4-year survival estimate S (4) 27,28 . Variables associated with survival were identified from the literature, as described above. Available potential predictors were all entered into a multivariable Cox proportional hazards model. In the backward elimination procedure, variables with P > 0⋅050 were excluded from the model to identify the most accurate and parsimonious set of predictors, and to increase the practical applicability of the models. Hazard ratios are reported with 95 per cent confidence intervals. Underlying assumptions for the Cox proportional hazards model were evaluated and shown to be met.
For the prediction nomogram, coefficients of the predictors in the multivariable Cox proportional hazards model were re-estimated, using a penalized LASSO (least absolute shrinkage and selector operator) Cox proportional hazards model to prevent overfitting 27, 29, 30 . Model performance was assessed by measuring discrimination (ability to discriminate between participants with or without an event) and calibration (ability to quantify the observed absolute risk). The discriminative ability of the model was examined using the C-statistic, which was corrected for optimistic predicting by bootstrapping (B = 200), where P > 0⋅050 indicates good performance between predicted and observed risks.
Missing data were imputed according to predictive mean matching principles, using 20 imputations. All P values were based on a two-sided test and P < 0⋅050 was considered statistically significant. Data were analysed using SPSS ® for Windows ® version 25 (IBM, Armonk, New York, USA) and R version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Results
In total, 1263 patients underwent surgery for oesophageal carcinoma between January 2004 and January 2019. Some 
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Predictors of overall survival
In univariable analysis, decreased overall survival was associated with cardiovascular co-morbidity, type 2 diabetes, a higher cT or cN category, R1 resection, higher ypT or ypN category, a higher Mandard score, presence of chyle leakage, any pulmonary complication and an increased Clavien-Dindo grade ( Table 4 ). Cardiovascular co-morbidity, cN, ypN and ypT category, chyle leakage and pulmonary complications were significant predictors of overall survival in multivariable analysis after backward selection ( Table 4 ). In separate analyses of predictive factors for overall survival of patients with adenocarcinoma and squamous cell carcinoma, ypN category remained a strong predictor for both tumour types. Cardiovascular co-morbidity, chyle leakage and pulmonary complications remained as significant predictors of impaired survival in the final model in patients with adenocarcinoma, whereas R1 resection and higher Mandard score were significant predictors of impaired survival in patients with squamous cell carcinoma (Table S1, supporting information).
Conditional survival stratified by disease stage, cardiovascular co-morbidity, postoperative pulmonary complications and chyle leakage
Stratification of conditional survival by stage of disease showed greater improvement in conditional survival in patients with more advanced disease (Fig. S1 , supporting information). The effect of pulmonary complications on overall survival was constant over time, whereas the effects of cardiovascular co-morbidities and chyle leakage were greater in the first years after surgery and then flattened.
Prediction nomogram for conditional overall survival
Cardiovascular co-morbidity, cN, ypN and ypT category, chyle leakage and pulmonary complications were included in the nomogram. The baseline survival function So (t) was 0⋅768 for 5 years. The prediction model had an optimism-adjusted C-statistic of 0⋅70 (95 per cent c.i. 0⋅69 to 0⋅70). Fig. S2 (supporting information) shows the calibration plot of the nomogram; there was high correspondence between predicted and actual survival. The nomogram, which predicts the probability of reaching 5-year survival directly after surgery and if the patient has already survived for 1-4 years after operation, is shown in Fig. 3 . For example, a patient with cardiovascular co-morbidity, cN+, ypT1 and yN2 categories, without any postoperative complications, has a total nomogram score of 105 points. The probability of 5-year survival is 18 per cent directly after surgery, which increases to 55 per cent if the patient survives the first 3 years after surgery. To facilitate user-friendly calculations, the probability of achieving 5-year survival, given x years of survival after surgery, was added to an online calculator, available at http://www .uppergi.nl/webcalculator.
Discussion
In this study, conditional overall survival probability following neoadjuvant chemoradiotherapy and oesophagectomy was evaluated in patients with oesophageal carcinoma, and a nomogram was developed that can be used to provide patients and physicians with accurate information about prognosis. Using this chart, patients can be shown visually that, when more time has passed, the chances of surviving oesophageal cancer increases. The longer the interval that a patient has survived after surgery, the higher the chance of surviving an additional year. The C-statistic and calibration plot indicated that the nomogram predictions are accurate; it is therefore a useful tool for predicting outcomes during follow-up after oesophageal cancer surgery. Conditional survival considers the number of years that a patient has already survived when estimating the survival probability. The probability of surviving 5 years after surgery changes from 45 per cent if 0 years are survived to 79 per cent if 3 years are survived. Conditional survival is therefore a valuable addition to the prediction of survival after treatment for oesophageal cancer, as shown in studies of conditional survival in other malignancies 27, 28, 31 .
Cardiovascular co-morbidities, cN, ypT and ypN categories, chyle leakage and pulmonary complications were independent predictors of survival in the present analysis. Shapiro and colleagues 32 developed a prediction model for survival of patients with oesophageal cancer after neoadjuvant chemoradiation, and also found cN, ypT and ypN categories to be strong predictors of survival. In contrast to the present study, conditional survival was not implemented in their final model and postoperative complications were not included in the analyses. Other studies have shown that patients who developed severe postoperative complications had impaired long-term survival compared with those who did not have postoperative complications. In accordance with the present findings, chyle leakage and pulmonary complications have previously be identified as independent predictors for reduced long-term survival in patients with oesophageal carcinoma 24, 33, 34 . It can be argued whether or not complications themselves lead to worse survival, or whether these patients already have more co-morbidities that cause complications and their survival is impaired because of that. Postoperative complications are often not considered when prediction models for overall survival are developed because the aim is usually to enable preoperative prediction of survival. However, in the case of conditional survival, the survival probability is estimated after surgery and it is important to consider postoperative factors.
The final nomogram included cN, ypT and ypN categories, cardiovascular co-morbidities, postoperative chyle leakage and pulmonary complications. The conditional survival probability can be calculated manually using the nomogram presented in Fig. 3 or by using the online calculator 35 . This nomogram has a C-statistic of 0⋅70, which indicates good performance of this model compared with other oncological prediction models. Similar models predicting survival in patients with oesophageal cancer after neoadjuvant treatment and surgery have C-statistic values ranging from 0⋅61 to 0⋅72 13, 16, 36 . Moreover, the calibration plot shows good correspondence between predicted and observed survival, indicating that the prediction nomogram is accurate.
This study has some limitations. As it is a retrospective analysis, some variables that might have an influence on survival were missing from the database and could not be integrated in the Cox regression models. For example, Zhang 37 used the US Surveillance, Epidemiology, and End Results database to show that patients of African descent have higher mortality rates than Caucasians. Another important variable is tumour differentiation. In an evaluation of factors associated with early recurrence and death after oesophagectomy for cancer, Davies and co-workers 23 found that poor tumour differentiation was a significant independent marker of worse survival in a multivariable model. This variable was missing from most of the patient files and could not be included in the present analysis. A further limitation was that patients who were operated most recently had relatively short follow-up. Therefore, the groups analysed for conditional survival during the later years were smaller. Finally, the results of this study are only applicable to patients treated with neoadjuvant chemoradiotherapy. Not all patients undergo neoadjuvant chemoradiotherapy as part of treatment with curative intent as treatment guidelines differ around the world.
Several prediction models including nomograms have been designed to predict survival of patients with oesophageal cancer treated with curative intent [14] [15] [16] 32 . The present model is based on data from a single high-volume centre. Individual-surgeon numbers of resections were not available. Future studies are needed to externally validate and update this prediction model, and make it more generalizable to smaller centres. A large study could identify whether other variables such as tumour differentiation are predictors of overall survival and could add value to a prediction model for overall survival.
